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CLAIMS 



(57) [Claim(s)] 

[Claim 1] In the car carrying the anti skid system which carries out brake control of the front wheel of a car, 
or one [ at least ] right-and-left wheel of a rear wheel independently by fluid pressure A pressure-differential 
detection means to detect the pressure differential of the fluid pressure for brakes of said left right wheel 
currently controlled independently at the time of the brake control by this anti skid system, The auxiliary 
power steering system of the car characterized by having a steering angle calculation means to compute the 
amendment steering angle of the rear wheel of said car, or a front wheel according to the pressure 
differential of this fluid pressure for brakes, and the driving means which carries out steering actuation of 
the rear wheel or front wheel of said car according to this amendment steering angle. 

[Claim 2] The pressure differential of said fluid pressure for brakes is the auxiliary power steering system of 
the car given in the 1 st term of a patent claim characterized by detecting and computing said fluid pressure 
for brakes of right-and-left each ring by the brake pressure sensor. 

[Claim 3] The pressure differential of said fluid pressure for brakes is the auxiliary power steering system of 
the car given in the 1 st term of a patent claim characterized by making it detect from the difference of the 
desired value of said fluid pressure for brakes of right-and-left each ring computed at the time of said brake 
control. 

[Claim 4] The amendment steering angle of said rear wheel or a front wheel is the auxiliary power steering 
system of the car given in the 1 st term of a patent claim characterized by computing from the pressure 
differential and car rate of said fluid pressure for brakes. 

[Claim 5] The auxiliary power steering system of the car given in the 1st term of a patent claim 
characterized by performing all four brake control of front and rear, right and left of said car independently, 
and computing said amendment steering angle from the average of the pressure differential of the fluid 
pressure for brakes of a front wheel, and the pressure differential of the fluid pressure for brakes of a rear 
wheel. 

[Claim 6] The auxiliary power steering system of the car given in the 5th term of a patent claim 
characterized by stopping steering according to said amendment steering angle, and returning a wheel to a 
center valve position when the wheel of a side with the high pressure of said fluid pressure for brakes 
becomes right-and-left reverse with a front wheel and a rear wheel. 

[Claim 7] Car assistant ********** given in the 1st term of a patent claim characterized by amending the 
rear wheel steering angle by which said car has a four-flower steering gear style, and was computed based 
on said brake control steering gear style according to said amendment steering angle computed from three, 
the pressure differential and the sign of a pressure differential of said fluid pressure for brakes, and the 
direction of a steering end angle of a front wheel. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[Industrial Application] 

This invention relates to the auxiliary power steering system which amends the car track at the time of 
braking in an anti skid system loading car. 
[Description of the Prior Art] 

The rotational speed of each wheel on either side is detected, and the brake pressure concerning a left right 
wheel changes in the anti skid system loading car equipped with the brake gear which applies damping force 
to a left wheel and a right wheel independently, respectively with differences in the coefficient of friction 
mu of the road surface which a left right wheel grounds at the time of the antiskid controls at the time of 
sudden braking etc. so that it may be shown in the former, for example, JP,58- 164460, A. Since it is easy to 
lock the wheel of a side with this low [ mu of a road surface ], it is for lowering brake pressure, rolling a 
wheel and preventing a lock. Conversely, since it is hard to generate a wheel lock compared with a low mu 
road side, the high mu road-side wheel is controlled by brake pressure higher than a low mu road-side 
wheel. 

[Problem(s) to be Solved by the Invention] 

Consequently, in the conventional anti skid system, when sudden braking is carried out on the road surfaces 
(the so-called crossover way etc.) from which mu of the road surface which a left right wheel grounds 
differs, a damping force difference arises in a left right wheel, and there is a problem of the yaw moment 
occurring and being easy to deflect a car track to a high mu road side. 

Then, this invention aims at enabling it to brake safely, without deflecting the track of a car, when the car 
carrying an anti skid system performs sudden braking on the road surface (crossover road surface) from 
which mu of the road surface which a left right wheel grounds differs. 
[Means for Solving the Problem] 

In the car carrying the anti skid system to which, as for this invention, the front wheel of a car carries out 
brake control of one [ at least ] right-and-left wheel of a rear wheel independently by fluid pressure in order 
to attain the above-mentioned object A pressure-differential detection means to detect the pressure 
differential of the fluid pressure for brakes of said left right wheel currently controlled independently at the 
time of the brake control by this anti skid system, A steering angle calculation means to compute the 
amendment steering angle of the rear wheel of said car, or a front wheel according to the pressure 
differential of this fluid pressure for brakes It is considering as the configuration equipped with the driving 
means which carries out steering actuation of the rear wheel or front wheel of said car according to this 
amendment steering angle. 
[Example] 

Hereafter, it explains per [ which shows this invention in drawing ] example. The configuration of the whole 
centering on the electronic control circuit 1 7 of equipment equipped with the four- flower anti skid system is 
shown in drawing 1 R> drawing, the electromagnetism which generates the electrical-potential-difference 
pulse of the frequency which is proportional to a rotational frequency according to the revolution of a wheel 
in this electronic control circuit 17 — the wheel speed sensor 10 which consists of pickup — a-lOd is 
connected electrically. 

Moreover, the brake pressure sensors 8a-8d which generate the output voltage according to the brake 
pressure force of each wheel, the rear wheel steering angle sensors 15a and 15b which detect the steering 
angle of a rear wheel, and the front-wheel steering sensor 16 which detects the end angle of the steering 
wheel which steers a front wheel are connected electrically. 

And an electronic control circuit 17 is equipped with waveform shaping circuit 17b which shapes a wheel 
http ://www4 . i pdl . nci pi . go . j p/cgi -bin/tran_web__cgi_ej j e 1/13/2006 



JP,2540742,B [DETAILED DESCRIPTION] 



Page 2 of 5 



speed sensors [ lOa-lOd ] electrical-potential-difference pulse signal in waveform, and is equipped with A/D 
converter 17c which inputs and carries out A/D conversion of the signal of the brake pressure sensors 8a-8b 
of a wheel, the signal of the rear wheel steering angle sensors 15a and 15b, and the signal of the front-wheel 
steering sensor 16 through analog buffer 17i. Moreover, an electronic control circuit 17 is equipped with the 
microcomputer which consists of common bus 17f which connects output port 17j which outputs the signal 
which shows the result processed by 17g [ of input port ] and central processing unit (CPU) 17a, and lead-on 
memory (ROM) 17d, random-access-memory (RAM) 17e, and CPU 17a, and these mutually. [ which input 
the signal shaped in waveform ] And according to the output state of output port 17j, the solenoid valves 7 a- 
7d for brake pressure control (2 location solenoid valve) which control the oil pressure of the brake structure 
of determining the brake force of each wheel, and the solenoid-valve (3 location solenoid valve) 1 la-1 Id 
exiting coil for rear wheel steering control which controls the oil pressure of a rear wheel steering gear style 
are equipped with 1 7h of output circuits which supply an exciting current. 

Next, the device and control program are explained about a four-flower antiskid control and steering control 
of a rear wheel. 

First, the configuration of the brake pressure control unit of a wheel is taken to drawing 2 , a left front wheel 
is taken for an example, and it is shown roughly. Between the inlet port of the pump 2 of oil pressure and the 
deliveries which are driven by the motor 1 in drawing 2 , the change-over valve 4 which is reversed to a cut 
off state and holds between the delivery of a hydraulic pump 2 and inlet port from a free passage condition 
with the oil pressure of a brake master cylinder 6 at the time of treading in of a brake pedal 5 is formed. 
Thereby, oil pressure pumping pressure can be made to follow master cylinder oil pressure. Moreover, the 
delivery of a hydraulic pump 2 is open for free passage with the wheel cylinder 9 through 2 location 
solenoid-valve 7a for brake pressure control of three ports. 2 location solenoid-valve 7a maintains the 
delivery and wheel cylinder 9 of a hydraulic pump 2 at a free passage condition at the time of un-exciting, 
and, on the other hand, maintains a wheel cylinder 9 and a reservoir 3 at a free passage condition at the time 
of excitation. In addition, as for 2 location solenoid valve 7, the change of the excitation is controlled by the 
duty ratio signal Sigl from an electronic control circuit 17. Moreover, 8a is a brake pressure sensor using the 
semiconductor pressure sensor which detects the brake pressure which is the oil pressure concerning a wheel 
cylinder. 

Next, the control procedure in an electronic control circuit 17 is explained. That is, an electronic control 
circuit performs processing and actuation of brake control as shown in drawing 3 with a flow chart 32ms of 
a fixed period, every [ for example, ]. Hereafter, the processing actuation for one period is explained in 
order. 

(1) Set up the target oil pressure value Py of brake pressure for every ring (step 100). The target oil pressure 
value Py is set up as follows based on a wheel speed sensors [ lOa-lOd ] voltage signal (Sig2 of drawing 2 ), 
and the reference value beforehand stored in ROM17d. 

That is, Py is calculated by following the (3) type which considers VW for VB as whenever [ wheel speed ] 
whenever [ car-body-speed ], and makes a parameter Kl, K2, K3, K4, WP that can be found from a 
constant, then (following 1) and following (2) type in K5, respectively, and PMED. 

WP=Klx(VW-VB+K2) +K3x (VW-VB) (1) 

PMED=PMED+K4xWP (2) 

Py=PMED+K5xWP (3) 

Here, VB is presumed from VW whenever [ wheel speed ], or is directly calculated [ whenever / car-body- 
speed ] from a sensor etc. whenever [ car-body-speed ]. 
And the flag which shows that it is brake controlling by step 101 is set up. 

(2) Calculate Pmax and Pmin from the current oil pressure value Px (step 102). It is the presumed oil- 
pressure value expected that it is Pmax at the periodic termination event, and it reaches when the command 
signal which consists of 100% of duty ratios, i.e., a boost command part, is outputted to 2 location solenoid 
valves 7a-7d, and Pmin is the presumed oil-pressure value expected to be at the periodic termination event 
and to reach, when 0% of duty ratios, i.e., the command signal which consists only of a part for reduced- 
pressure headquarters, is outputted to 2 location solenoid valves 7a-7d. 

(3) Carry out the size comparison of the target oil pressure value Py, and Pmax and Pmin (step 103). 
(4a) Set it as the duty ratio for creating the command signal which consists duty ratio D of 0%, i.e., a 
reduced pressure command part, in Py<=Pmin (step 104). 

(4a) Set it as the duty ratio for creating the command signal which consists duty ratio D of 100%, i.e., a 
boost command part, in Py>=Pmax (step 106). 

(4c) In Pmin<Py<Pmax, ask from the map (a interpolation operation is added if needed.) showing the 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



1/13/2006 



JP,2540742,B [DETAILED DESCRIPTION] 



Page 3 of 5 



relation of Px and Py which show duty ratio D in the 4th drawing 4 drawing. 

Here, d is a parameter with which the boost time amount in 32ms is expressed a round term, and is set to 
duty ratio D=l 00xd/32. 

In addition, the operation expression instead of a map is expressed with the following formula. 
The excitation current pulse based on duty ratio D set up at steps 104,106 or 108 in the first half of Px= 
(Py+0.344d) x0.5e0.0217d (5) is outputted to 2 location solenoid valves 7a-7d (step 110). 
By performing the above processing, the appearance brake pressure force in which slip ratio with each 
optimal ring becomes is controlled, and an antiskid control is performed to each ring independence. 
Next, a right rear wheel is roughly shown for the configuration of the steering control unit of a rear wheel in 
drawing 5 as an example. This equipment is equipped with the accumulator 14 which accumulates the high 
voltage which the hydraulic pump 2 driven by the motor 1 generates, and the high voltage oil of an 
accumulator is supplied to two cylinders of the actuator 1 2 for rear wheel steering through two 3 port 3 
location solenoid valves (solenoid valve for rear wheel steering control) 1 lc and 1 Id. Piston 12a of an 
actuator 12 is slid or held right and left in the state of said two solenoid valves 11c and 1 Id. Piston 12a is 
connected with the steering knuckle arm 18, and a wheel 13 rotates right and left by the rectilinear motion of 
piston 12a. 15b is a steering angle sensor which detects the location of piston 12a of an actuator and acquires 
the angle of rotation of a rear wheel. In addition, Sig 3 and 4 is the signal which drives a solenoid valves 
[11c and lid] exiting coil, and it is outputted from an electronic control circuit 17, and Sig5 is the signal 
which shows the steering angle of a rear wheel, and it is inputted into an electronic control circuit 17. 
Next, rear wheel steering control is explained according to the flow chart shown in drawing 6 . 
Steps 501-509 shown in the flow chart are performed 8ms of a fixed period, every [ for example, ]. 
Hereafter, the processing actuation for a round term is explained in order. First, it judges at step 501 whether 
it is under [ brake control ] ******** (said four-flower antiskid control). If it is not among an antiskid 
control, it progresses to step 502, and based on a front-wheel steering sensor signal or a vehicle speed 
(computed from wheel speed sensor signal) signal, a rear wheel steering angle will be computed in order to 
perform well-known rear wheel steering control. This computes a rear wheel steering angle according to the 
steering angle and the vehicle speed of a front wheel as proposed by JP,60-44185,B. That is, as shown, for 
example in drawing 1 0, in the range in which the vehicle speed exceeds the predetermined vehicle speed 
VBN, a rear wheel is made into a front wheel and equiphase, and a rear wheel steering angle is computed 
from the front-wheel steering signal and the vehicle speed VB which bring a **** ratio close to 1 as vehicle 
speed buildup is carried out. Moreover, the Soka **** of a rear wheel is computed so that a **** ratio may 
be brought close to -1, as it is made a front wheel and an opposite phase and the vehicle speed decreases, 
when the vehicle speed is below VBN. And it progresses to step 506 of drawing 6 . 

Moreover, if it is brake controlling by step 501 , it will progress to step 503, and it judges whether absolute 
value |thetaF| of the signal of a front-wheel steering sensor, i.e., front-wheel steering end angle thetaF, is 
smaller than a constant Kl. Kl is the constant value beforehand memorized by ROM, and from this value, 
|thetaF| should be judged that the front- wheel steering is not steered, when small ~ it is set up. It progresses 
to step 504 at step 503 at the time of |thetaF|<Kl . 

Drawing 7 explains this step 504 in detail. At step 601, brake pressure difference |deltaP|=|PFR-PFL| which 
starts the wheel of front-wheel right and left from the brake pressure signals PFR and PFL acquired from the 
signal of the brake pressure sensor of a front wheel is computed, and basic rear wheel steering angle 
thetaRSB which makes this |deltaP| a parameter at step 602 is computed. An example of the relation 
between |deltaP| and thetaRSB is shown in drawing 8 (a). In this example, basic rear wheel steering angle 
thetaRSB is enlarged in monotone, so that brake pressure difference |deltaP| becomes large. However, the 
guard has started the appearance to which thetaRSB does not become large recklessly by thetaRSB 1 . 
moreover, |deltaP| — **** — in the small part, the neutral zone deltaPl is set up in consideration of the noise 
etc. Even if it memorizes this relation in the formula, what point of that value may be memorized as a 
memory map, and whichever is [ it may be computed from a interpolation operation or ] sufficient as it. 
At step 603, vehicle speed amendment **** kV is computed in order to amend thetaRSB by the vehicle 
speed VB, and KV is set up so that it may have a big value (value approaching 1), so that the vehicle speed 
becomes small, as shown in drawing 8 (b) here. At step 604, final rear wheel steering angle command value 
thetaRS is computed as theta RS=KVxtheta RSB. The steering direction of a wheel is steered so that a car 
may run to a wheel side with lower brake pressure. The road surface on which brake pressure was controlled 
by said brake control by each ring independence, and the tire of a side with low brake pressure has grounded 
this has low coefficient of friction mu, and since the yaw moment which is going to turn a car to a high mu 
road side occurs, it has gone in order to negate this yaw moment. That is, if a rear wheel is steered in an 
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above-mentioned procedure, the yaw moment which is going to turn a car to a low mu road side can occur, 
the yaw moment which is going to turn a car to a high mu road side can be negated, and a car can be made 
to go straight on, although the track of a car will be changed into a high mu road side when not steering a 
rear wheel. 

It progresses to step 505 by |thetaF|>= at step 503 of drawing 6 at the time of Kl . Here, it progresses to step 
505. Here, in consideration of the magnitude and the direction of the yaw moment which are generated by 
the difference in the road surface mu which a left right wheel grounds, it is amending to rear wheel steering 
angle thetaRSN computed at step 502, and this point differs from step 502. Namely, when the front-wheel 
steering is cut in the same direction as the yaw moment which is generated according to the brake pressure 
difference of a left right wheel and which is going to turn a car to a high mu way rule The direction which 
increases the steering angle of a rear wheel more including the sign (it is negative about forward and an 
opposite phase in an inphase) of positive/negative (that is, in the case of an inphase) an absolute value — 
large — becoming — the case of an opposite phase — an absolute value — small — becoming — moreover, 
when the front-wheel steering is cut in the above-mentioned yaw moment and the direction of reverse, a 
steering angle command value common to right and left of a rear wheel is amended in the direction which 
decrease in number the steering angle of a rear wheel more. 

This detailed flow chart is shown in drawing 9 . First, rear wheel steering angle thetaRSN at the time of non- 
brake control is computed like step 502 at step 801. Next, although magnitude thetaP of this correction term 
is computed from left forward right ring brake pressure difference |deltaP| at step 802, the relation of that 
|deltaP| and thetaP is shown in drawing 8 (c) as an example. At step 803, the size of mu of the road surface 
of the right and left which judge the direction of the steering of a front wheel, and a wheel grounds by step 
804 or 805 is presumed, the sign of the steering angle correction term of a rear wheel is determined, and the 
inphase forward and command value thetaRSN which has an opposite phase negative sign are amended 
(steps 806-809). The real steering angle of a left [ sensors / 15a and 15b / rear wheel steering angle ] right- 
rear ring is computed, the rear wheel steering angle commander value and each fruit steering angle which 
were searched for at step 505 by step 507 are compared, the current value passed in the direction which 
makes the error small at step 508 to the solenoid valves 1 la-1 Id for rear wheel steering control is computed 
to drawing 6 , and a signal outputs to it at a return step 506 at 17h of output circuits (step 509). 
Thus, change of the motion property of the car by the difference in the coefficient of friction mu of the road 
surface which a left right wheel grounds can be suppressed to the minimum, and a car can be controlled by 
positioning a rear wheel independently according to the difference of the brake pressure force of a left 
forward right ring, respectively to stability. 

In addition, in an above-mentioned example, although the steering angle of a rear wheel was computed from 
the brake pressure difference of a left forward right ring, the brake pressure of a left right rear ring may also 
be taken into consideration. For example, a rear wheel steering angle may be computed from an average 
value [ | / left forward right ring brake pressure difference |deltaPF| and / left right rear ring brake pressure 
difference |deltaPR]. Moreover, when the signs of deltaPF and deltaPR differ, rear wheel steering is not 
performed, but you may make it return a rear wheel to a center valve position at this time. 
Next, as other examples of this invention, the brake control which does not use a brake pressure sensor is 
explained. 

This whole example configuration becomes the thing excluding the brake pressure sensors 8a-8d from the 
configuration of drawing 1 . An electronic control circuit 1 7 performs processing and actuation as shown in 
drawing 1 1 with a flow chart 32ms of a fixed period, every [ for example, ]. Hereafter, the processing 
actuation for one period is explained in order like the above-mentioned example by making a left front 
wheel into an example. 

(1) While setting up the target oil pressure value Py for every ring, set up the flag which shows that it is 
[ brake ] under control (step 201). The target oil pressure value Py is set up as follows based on a wheel 
speed sensors [ 10a- lOd ] voltage signal and the reference value beforehand stored in ROM 17a. 
That is, Py is calculated by following the (3) type which considers VW for VB as whenever [ wheel speed ] 
whenever [ car-body-speed ], and makes a parameter Kl, K2, K3, K4, WP that can be found from a 
constant, then (following 1) and following (2) type in K5, respectively, and PMED. 

WP=Klx(VW-VB+K2) +K3x (VW-VB) (1) 

PMED=PMED+K4xWP (2) 

Py=PMED+K5xWP (3) 

Here, VB is presumed from VW whenever [ wheel speed ], or is directly calculated [ whenever / car-body- 
speed ] from a sensor etc. whenever [ car-body-speed ]. 
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(2) Calculate Pmax and Pmin from the current presumed oil pressure value PX (set up like the after- 
mentioned more nearly indirectly than the target oil pressure value Py) (step 202). It is the ****** value 
expected that it is Pmax at the periodic termination event, and it reaches when 100% of duty ratios, i.e., the 
command signal which consists only of a part for boost headquarters, is outputted to 2 location solenoid 
valves 7a-7d, and Pmin is the presumed oil-pressure value expected to be at the periodic termination event 
and to reach, when the command signal which consists of 0% of duty ratios, i.e., a reduced-pressure 
command part, is outputted to 2 location solenoid valves 7a-7d. 

(3) Carry out the size comparison of the target oil pressure value Py, and Pmax and Pmin (step 203). 
(4a) It is set as the duty ratio for creating the command signal which consists duty ratio D of 0%, i.e., a 
reduced pressure command part, in Py<=Pmin (step 204), and let Pmin be the presumed oil pressure value 
PX (step 205). 

(4b) Set it as the duty ratio for creating the command signal which consists duty ratio D of 100%, i.e., a 
boost command part, in Py>=Pmax (step 206). Pmax is set to PX (step 207). 

(4c) Ask from the map (a interpolation operation is added if needed.) which expresses the relation between 
PX and Py which shows duty ratio D in the 4th drawing 4 drawing in Pmin<Py<Pmax, and set to Px Py set 
up at step 201 (step 209). 

Here, d is a parameter with which the boost time amount in 32ms is expressed a round term, and is set to 
duty ratio D=100xd/32. 

In addition, the operation expression instead of a map is expressed with the following formula here. 
Py=(PX+0.344d) x — 0.5e0.0217d (5) — the excitation current pulse based on duty ratio D set up at said 
steps 204,206 or 208 is outputted to 2 location solenoid valves 7a-7d (step 210). 

As by carrying out such processing actuation shows to drawing 12, are the oil pressure of a wheel cylinder 9 
temporarily at the control initiation event, are Px0 ? , and even if initial value is PX0, on control If duty ratio 
D=di/T (i= 1, 2, ....) is set up serially and the excitation current pulse based on this duty ratio D is outputted, 
according to the passage of time, it will approach in the direction in which the oil pressure on control 
becomes equal at actual oil pressure. 

Thus, each ring of a car controls brake pressure for the business used as the optimal slip ratio, and performs 
an antiskid control to each ring independence. 

Under the present circumstances, about rear wheel steering control of the above-mentioned example, as it 
replaces with the brake pressure signal (for example, PFR [ of drawing 7 step 601 ], PFL) signal acquired 
from the brake pressure sensor and the modification flow chart of drawing 7 is shown in drawing 13, this 
example is substituted for the target oil pressure values PyFR and PyFL of the front wheel used for above- 
mentioned brake control, and other procedure is the same as that of the above-mentioned example at it. In 
this case, a brake pressure sensor becomes unnecessary and the merit that a configuration is simplified is 
obtained. 

In addition, the present presumed oil pressure value PX can also be used instead of the target oil pressure 
value Py as a brake pressure signal. 

Although brake control and rear wheel steering control were controlled by one CPU in each above- 
mentioned example, it is good also as a configuration controlled in an electronic control circuit with 
respectively separate CPU. 

Furthermore, although it was made to steer the rear wheel, two flowers perform brake control independently, 
and they are independent and you may make it steer it a front in the above-mentioned example for 
amendment of the front wheel which is performing brake control of a road surface mu, for example by brake 
control of FR (front-wheel steering rear drive) vehicle in the case of the method which controls by the same 
brake pressure also as right and left. 
[Effect of the Invention] 

Since this invention steers the rear wheel or front wheel of a car and he is trying to amend the track of a car 
according to the brake pressure difference of the left right wheel currently controlled independently at the 
time of the brake control by the anti skid system as stated above When sudden braking is performed on the 
crossover way where the coefficient of friction mu of the road surface which a left right wheel grounds 
differs, the track of a car does not deviate and it has the outstanding effectiveness that it can brake safely. 



[Translation done.] 
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[ Drawing 1 ] 
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[ Drawing 2 ] 
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[ Drawing 4 ] 
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[ Drawing 8 ] 
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[ Drawing 10 ] 
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[ Drawing 12 ] 
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[ Drawing 6 ] 
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[ Drawing 7 ] 
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